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Description 

The invention relates to a scandate cathode having a cathode body which comprises a matrix of at least 
a high-melting point metal and/or alloy with a barium compound at least in the matrix in contact with the 
5 matrix material, which compound can supply barium on the emissive surface by a chemical reaction with 
the matrix material. 

The invention also relates to methods of manufacturing such a cathode and to an electron beam tube 
provided with such a cathode. 

Cathodes of the type mentioned in the opening paragraph are described in the article "Properties and 

w manufacture of top layer scandate cathodes", Applied Surface Science 26 (1986), pp. 173-195, J. Hasker, J. 
van Esdonk and J.E. Crombeen. In the cathodes described in this article scandium oxide (Sc20a) grains of 
several microns or tungsten (W) grains which are partially coated with either scandium (Sc) or scandium 
hydride (ScH 2 ) are present at least in the top layer of the cathode body. The cathode body is manufactured 
by means of pressing and sintering whereafter the pores are impregnated with barium-calcium-aluminate. In 

75 order to maintain the electron emission the barium-calcium-aluminate supplies barium on the emissive 
surface by a chemical reaction with the tungsten of the matrix during operation of the cathode. To be able 
to realise a very high cathode load after mounting in, for example a cathode ray tube and activation of the 
cathode, it is important that a scandium-containing layer having a thickness of approximately one monolayer 
has formed on the cathode surface during impregnation by means of a reaction with the impregnating 

20 agent. As has been proved in experiments described in the above-mentioned article, the scandium- 
containing layer may be completely or partly removed by an ion bombardment which may occur in 
practice, for example during the manufacture of television tubes, which leads to detrimental consequences 
for the electron emission. Since SC2O3 is not very mobile (oxidation occurs during impregnation in the 
cathodes manufactured with W which is partly coated with Sc or ScH 2 ) the said scandium-containing layer 

25 cannot be fully regenerated by reactivation of the cathode. The described experiments have also proved 
that a regeneration which is sufficient for a complete recovery of the emission is not achieved. As compared 
with an impregnated tungsten cathode coated or not coated with, for example osmium, this may be 
considered as a drawback. 

One of the objects of the invention is to provide scandate cathodes which are considerably improved in 

30 comparison with the above-mentioned drawback. The invention is based on the recognition that this can be 
achieved by using diffusion of scandium through scandium oxide. 

To this end a scandate cathode according to the invention is characterized in that in at least the top 
layer of the matrix of the cathode body scandium which is coated with a scandium oxide film is present 
When raising the temperature in vacuo, a monolayer oxide film comprising scandium is deposited on 

35 the surface of the top layer because scandium is diffused to the exterior from the said grains through the 
scandium oxide. 

The scandate cathode may be of the impregnated type in which the barium compound is introduced 
into the cathode body by means of impregnation, but alternatively the cathode may be a pressed scandate 
cathode or an L cathode. 

40 A method of manufacturing an impregnated cathode according to the invention is characterized in that a 
matrix is pressed from scandium powder and a powder of the high-melting point metal (for example, 
tungsten), whereafter the scandium powder is partly oxidized and the assembly is subsequently sintered 
and impregnated. The scandium may be obtained by dehydration of scandium hydride. 

In another method according to the invention before sintering and impregnation, a matrix is pressed 
45 from the high-melting point metal, and from scandium coated with a scandium oxide film. The latter is 
obtained by partial oxidation beforehand of scandium and/or scandium hydride. 

The increase in weight due to oxidation of the scandium(hydride) is preferably at least 5% and at most 
30%. In the case of a smaller increase the oxide film is too thin or incomplete, whereas the oxide film will 
be too thick for the diffusion process or too much scandium is lost in the case of a larger increase in 
50 weight. Similar restrictions apply to the oxidation of the scandium after pressing. 

In the case of previous oxidation the pressure should not be too high (for example < 1000 N /mm 2 ) so as 
to prevent the oxide film from breaking, which results in a loss of the above-described effect. 

In the case of sintering at high temperatures scandium is lost by evaporation. To avoid this as much as 
possible, the sintering operation is preferably performed in hydrogen (approximately 1 atmosphere) at 
55 temperatures up to approximately 1500* C. 

To limit the effect of unfavourable reactions between impregnating agent and scandium to a maximum 
possible extent (for example, formation of too much scandium oxide so that the scandium supply after ion 
bombardment is detrimentally influenced), the impregnation temperature is chosen to be as low as possible. 
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At a lower temperature the quantity of impregnating agent which is taken up decreases with increasing 
quantities of scandium or scandium hydride in so-called mixed matrix cathodes in which the scandium 
coated with scandium oxide is present throughout the matrix. The quantity of scandium or scandium 
hydride is therefore preferably limited to at most 2.5% by weight in the mixture to be pressed. 

5 Another method is characterized in that the cathode is obtained by mixing, pressing and subsequent 
sintering of powders of a high-melting point metal and/or alloy and scandium, scandium hydride, or 
scandium coated with a scandium oxide film, together with the powder of a barium compound which can 
supply barium on the emissive surface by a chemical reaction with the high-melting point metal and/or alloy 
during operation of the cathode. In this method the sintering temperature is the highest temperature ever 

10 acquired by the cathode body. This temperature may be substantially lower than the impregnation 
temperature which is conventionally used in the method described hereinbefore. 

The invention will now be described in greater detail with reference to the accompanying drawings in 
which 

Fig. 1 shows diagrammatically a cathode according to the invention, 

75 Fig. 2, 3 and 4 show the results of measurements on several cathodes. 

Fig. 1 is a longitudinal section of a scandate cathode according to the invention. The cathode body 11 
with an emissive surface 21 and a diameter of, for example 1 .8 mm is obtained by pressing a matrix from 
W powder and a powder of scandium hydride (approximately 0.7% by weight) or scandium, heating for a 
number of hours in wet argon at approximately 800* C so as to provide the scandium with an oxide film 

20 and sintering at 1500° C in, for example a hydrogen atmosphere. The thickness of the matrix is then 
approximately 0.5 mm. The cathode body which is subsequently impregnated and which may or may not 
have an envelope 31 is welded onto the cathode shaft 41. A helical cathode filament 51 which may 
comprise a metal helically wound core 61 with an aluminium oxide insulation layer 71 is present in the shaft 
41. The emission of such a cathode, after mounting and activation, is measured in a diode arrangement, at 

25 a pulse load and at a cathode temperature of 950" C (brightness temperature). 

Fig. 2 shows the results of such emission measurements. Curve 1 shows the results measured on a 
cathode according to the invention for a cathode-anode gap of 0.25 mm. Curve 2 shows the results of 
emission measurements after the cathode has been subsequently exposed to an argon ion bombardment 
and reactivation, as described in the article referred to in the opening paragraph. 

30 Fig. 3 shows similar measurements on a cathode in which the above-mentioned oxidation step was 
omitted, while Fig. 4 shows such measurements for a cathode as described in the article referred to in the 
opening paragraph, in both cases at a cathode-anode gap of 0.3 mm. 

It appears from the Figures that there is a clear improvement in a cathode according to the invention. 
Curve 2 in Fig. 2 deviates from curve 1 as from approximately 40 A /cm 2 , while this deviation already begins 

35 at approximately 7.5 A /cm 2 without the oxidation step (see curves V and 2' in Fig. 3). The deterioration of a 
cathode according to the invention is also much less at higher emission values (deviation -8% at 100 A /cm 2 , 
Fig. 2) than in a cathode (Fig. 3) in which the oxidation step was not used (deviation already approximately 
-30% at 80 A /cm 2 ). Moreover, the recovery is better than in a cathode with a top layer (Fig. 4) as described 
in the article referred to in the opening paragraph (deviation -15% at 80 A /cm 2 , curve 2" already deviates 

40 from curve 1" as from 8.5 A /cm 2 ). 

As stated in the opening paragraph, the oxidation step may also precede the pressing operation. The 
pressure used is a critical parameter, which is illustrated in Table I in which the emission recovery after ion 
bombardment is shown for 2 types of cathodes, as well as the result of Auger measurements as described 
in the article previously referred to. 

45 The cathode body associated with column A was obtained by pressing and subsequent sintering of a 
mixture of tungsten powder with 0.7% by weight of powder of scandium oxide surrounded by an oxide film 
(obtained by oxidizing heating of ScH 2 in wet argon). Pressing took place at a pressure of 1840 N /mm 2 on 
the surface 21, and sintering took place in a hydrogen atmosphere at 1500* C. 

The cathode body associated with column B was manufactured in the same manner but at a pressure 

so of 920 N /mm 2 on the surface 21 . 

Table I shows the variation of the emission after repeated ion bombardment (30 minutes) and 
reactivation (120 minutes at 950* C, 60 minutes at 1050* C, 1 night at 1050* C). The measurements took 
place at a cathode temperature of 950* C, at 1000 V and a cathode-anode gap of 0.25 mm. The initial 
emission (100% level) was 90 A /cm 2 (A) and 96 A /cm 2 (B), respectively. 

55 



4 



EP 0 390 269 B1 



70 



75 



20 



25 



30 



35 



40 



45 



50 



4J 
C 

g - 

g ^ 

U & 

3 & 




8 

W 



coofMinr^cnmcoo 
• •••••••• 

^OOOf-OOOO 



PM 



21 

o 
o 



<*><*><*> 

TT 3 m 



<*» <*> <*> 
vo o> 00 
in ko oo 



oo 



in 
in 



r p « w in 

r cn rs» <n m 
■ ••••••« 

oooooooo 



o 



o 
o 



<*><#><*> 

M N O 

in 



<*> <*> <*> 

oo oa 
m m 



4J 
C 



JJ JJ JJ 

o o o 
S S S 



o o o 

o o o 

O O Q 

m m in 



iw 
(0 



T 2 2 g Jf 2 2 

6-* Jl Jl is 6-t Jl Jl 



* * ^ 
m *j 4J 



g 



(0 4J 4i 
(0 <0 



• 4J 

3 # 



3 * 



o 
m 



o _ c _ o c 

fS O O <N O 

^" vo r- n r- vo ?- 



4J 



in 
cn 

T 



E 



OO 




Table I shows that the cathode in case A has a poor recovery because a too large pressure is used so 
55 that the oxide films are broken and the above-described mechanism (supply by means of diffusion) is no 
longer active. 

Table II shows similar measurements on a cathode which is manufactured in the way as described with 
reference to Fig. 1 in which the ion bombardment and recovery was performed the first time with a shorter 
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recovery period (2 hours at T = 1050* C instead of one night). The initial emission was 105 A /cm 2 in this 
case, it appears from the Auger measurements that the emission recovers after the first ion bombardment 
by supply of scandium up to 90% of the initial emission, in contrast to known scandate cathodes the 
emission also recovers after repeated ion bombardment up to approximately 90% of the initial value. 

TABLE II 
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Emission 


Auger measurement 
pp h (SC)/pp h (W) 


After activation 


100% (105 A /cm 2 ) 


5.2 


30 min. ion bombardment 




0.2 


120 min. atT = 950*C 


75% 


1.1 


60 min. atT = 1050°C 


86% 




120 min. atT = 1050*C 


90% 


1.4 


30 min. ion bombardment 




0.2 


120 min. atT = 950 # C 


67% 


0.6 


60 min. atT = 1050 # C 


77% 




1 night at T = 1050 *C 


90% 


1.4 


30 min. ion bombardment 






120 min. atT = 950*C 


67% 


0.6 


60 min. at T = 1050° C 


75% 


0.7 


1 night at T = 1050 *C 


89% 


1.0 



In another cathode according to the invention the cathode body 11 with a diameter of 1.8 mm and a 
thickness of approximately 0.5 mm is obtained by pressing a mixture of tungsten powder, approximately 
1% by weight of scandium powder and 7% by weight of barium-calcium-aluminate powder (4BaO-1CaO- 
IAI2O3) and subsequently sintering at 1500* C in hydrogen atmosphere. The cathode body which may or 
may not have the molybdenum envelope 31 is welded on the cathode shaft 41. The shaft 41 accom- 
modates a helical filament 51 which may consist of a metal helically wound core 61 with an aluminium 
oxide insulation layer 71 . At a cathode temperature of 950 • C the measured emission after activation was 
approximately 100 A /cm 2 again. An advantage of this cathode is its simple method of manufacturing: 
impregnation and cleaning is not necessary. Auger measurements have shown that the formation of the 
scandium grains with an oxide film takes place during sintering via the aluminate. 

The grains may also be present in the starting material, while scandium hydride may also be chosen as 
a starting material. 

The invention is of course not limited to the embodiments shown, but those skilled in the art can 
conceive several variations within the scope of the invention, notably in the process parameters. The 
emissive material may be present in a storage chamber under the actual matrix (L cathode), while moreover 
the design may have many variations. 

The cathodes according to the invention may be used in electron tubes for television applications and 
electron microscopy, but also in, for example magnetrons, transmitter tubes etc. 
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Claims 

1. A scandate cathode having a cathode body (11) which comprises a matrix of at least a high-melting 
point metal and/or alloy with a barium compound at least in the matrix in contact with the matrix 
material which compound can supply barium on the emissive surface (21) by a chemical reaction with 
the matrix material, characterized in that in at least the top layer of the matrix of the cathode body 
scandium which is coated with a scandium oxide film is present. 



55 



2. A scandate cathode as claimed in claim 1, characterized in that the cathode is of the impregnated type 
the barium compound introduced into the cathode body by means of impregnation. 

3. A method of manufacturing a cathode as claimed in Claim 2, characterized in that the matrix is pressed 
from scandium powder and a powder of the high-melting point metal, whereafter the scandium powder 
is partly oxidized and the assembly is subsequently sintered and impregnated. 
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4. A method of manufacturing a cathode as claimed in Claim 2, characterized in that the matrix is pressed 
from a powder of a high-melting point metal and from scandium coated with a scandium oxide film, 
whereafter the assembly is sintered and impregnated. 

5 5. A method of manufacturing a cathode as claimed in Claim 4, characterized in that the scandium oxide 
is obtained by oxidation of scandium or scandium hydride. 

6. A method as claimed in any one of Claims 3 to 5, characterized in that the increase in weight of the 
scandium is 5-30% by weight due to the oxidation. 

10 

7. A method as claimed in any one of the preceding Claims, characterized in that the sintering operation 
is performed in hydrogen at a temperature of at most 1500* C. 

8. A method as claimed in any one of the preceding Claims, characterized in that the powder from which 
75 the matrix is pressed comprises a maximum quantity of 2.5% by weight of scandium or scandium 

hydride. 

9. A method of manufacturing a scandate cathode as claimed in Claim 1 , characterized in that the cathode 
is obtained by mixing, pressing and subsequent sintering of powders of a high-melting point metal 

20 and/or alloy and scandium, scandium hydride or scandium coated with a scandium oxide film, together 
with the powder of a barium compound which can supply barium on the emissive surface by a 
chemical reaction with the high-melting point metal and/or alloy during operation of the cathode. 

10. An electron beam tube provided with a cathode as claimed in Claim 1 or 2. 

25 

PatentansprUche 

1. Scandatkathode mit einem Kathodenkorper (11), der eine Matrix wenigstens aus einem hochschmel- 
zenden Metall und/oder einer hochschmelzenden Legierung mit einer Bariumverbindung wenigstens in 
30 der Matrix im Kontakt mit dem Matrixmaterial enthalt, wobei die Verbindung durch eine chemische 
Reaktion mit dem Matrixmaterial Barium auf der Emissionsflache (21) liefern kann, dadurch gekenn- 
zeichnet , daB wenigstens in der oberen Schicht der Matrix des Kathodenkorpers Scandium vorhanden 
ist, das mit einem Scandiumoxidfilm bedeckt ist. 

35 2. Scandatkathode nach Anspruch 1 , dadurch gekennzeichnet , daB die Kathode vom Impregniertyp ist, bei 
dem die Bariumverbindung mittels Impregnieren in den Kathodenkorper eingefuhrt wird. 

3. Herstellungsverfahren fur eine Kathode nach Anspruch 2, dadurch gekennzeichnet , daB die Matrix aus 
Scandiumpulver und einem Pulver aus hochschmelzendem Metall gepreflt wird, wonach das Scandium- 

40 pulver teilweise oxydiert und die Einheit anschlieBend gesintert und impregniert wird. 

4. Herstellungsverfahren fur eine Kathode nach Anspruch 2, dadurch gekennzeichnet , dafl die Matrix aus 
einem Pulver von einem hochschmelzenden Metall und aus mit einem Scandiumoxidfilm bedeckten 
Scandium gepreflt wird, wonach die Einheit gesintert und impregniert wird. 

45 

5. Herstellungsverfahren fur eine Kathode nach Anspruch 4, dadurch gekennzeichnet , daB das Scandium- 
oxid durch Oxydierung von Scandium Oder Scandiumhydrid erhalten wird. 

6. Verfahren nach einem der Anspruche 3 bis 5, dadurch gekennzeichnet , daB durch die Oxydierung der 
so Gewichtsanstieg des Scandiums 5 bis 30 Gew.% betragt. 

7. Verfahren nach einem Oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet , daB der 
Sintervorgang in Wasserstoff auf einer Temperatur von hSchstens 1500 • C erfolgt ist. 

55 8. Verfahren nach einem Oder mehreren der vorangehenden Anspruche, dadurch gekennzeichnet , daB das 
Pulver, aus dem die Matrix gepreflt wird, eine H5chstmenge von 2,5 Gew.% an Scandium Oder 
Scandiumhydrid enthalt. 
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9. Verfahren zum Herstellen einer Scandatkathode nach Anspruch 1, dadurch gekennzeichnet , dafl die 
Kathode durch Mischen, Fressen und anschlieBendes Sintern von Pulvern aus einem hochschmelzen- 
den Metall und/oder hochschmelzender Legierung und Scandium, Scandiumhydrid Oder mit einem 
Scandiumoxidfilm bedecktem Scandium zusammen mit dem Pulver einer Bariumverbindung, die auf 

5 der Emissionsflache durch eine chemische Reaktion mit dem hochschmelzenden Metall und/oder mit 
der hochschmelzenden Legierung im Betrieb der Kathode Barium liefern kann, erhalten wird. 

10. Elektronenstrahlrtihre mit einer Kathode nach Anspruch 1 Oder 2. 
10 Revindications 

1. Cathode a scandate ayant un corps de cathode (11), qui comprend une matrice d'au moins un m^tal 
et/ou alliage a haut point de fusion avec un compost du baryum au moins dans la matrice en contact 
avec la matfere de matrice, lequel compost peut apporter du baryum sur la surface Emissive (21) par 

75 une reaction chimique avec la matidre de matrice, caract6ris6e en ce que du scandium qui est enrob6 
d'un film d'oxyde de scandium est present au moins dans la couche sup£rieure de la matrice du corps 
de cathode. 

2. Cathode a scandate suivant la revendication 1 , caractSrisSe en ce que la cathode est du type imprdgnS 
20 et le compost du baryum est introduit dans le corps de cathode par voie d'imprSgnation. 

3. Proc6d6 de fabrication d'une cathode suivant la revendication 2, caract6ris£ en ce que la matrice est 
press£e a partir de poudre de scandium et d'une poudre du m£tal a haut point de fusion, apr&s quoi la 
poudre de scandium est partiellement oxyd^e et Tensemble est ensuite fritt6 et impr6gn6. 

25 

4. Proc6d6 de fabrication d'une cathode suivant la revendication 2, caract6ris£ en ce que la matrice est 
pressSe a partir d'une poudre d'un me*tal a haut point de fusion et a partir de scandium enrobe* d'un 
film d'oxyde de scandium, aprds quoi Pensemble est fritte et impr6gne\ 

ao 5. Proc6d6 de fabrication d'une cathode suivant la revendication 4, caractSrisd en ce que I'oxyde de 
scandium est obtenu par oxydation de scandium ou d'hydrure de scandium. 

6. Proc£d6 suivant Tune quelconque des revendications 3 a 5, caract£ris6 en ce que I'augmentation du 
poids de scandium est de 5 a 30% en poids en raison de I'oxydation. 

35 

7. ProcSdS suivant I'une quelconque des revendications pr6c6dentes, caracte>is6 en ce que I'op^ration de 
frittage est ex6cut6e dans I'hydrog&ne a une temperature de 1500*C au maximum. 

8. Proc6d6 suivant I'une quelconque des revendications pr6c6dentes, caract6ris6 en ce que la poudre a 
40 partir de laquelle la matrice est presses comprend une quantity maximum de 2,5% en poids de 

scandium ou d'hydrure de scandium. 

9. Proc6d6 de fabrication d'une cathode a scandate suivant la revendication 1 , caract6ris£ en ce que la 
cathode est obtenue en m6langeant, pressant et ensuite frittant des poudres d'un rn&al et/ou alliage a 

45 haut point de fusion et de scandium, d'hydrure de scandium ou de scandium enrob6 d'un film d'oxyde 
de scandium, conjointement avec la poudre d'un compost du baryum qui peut apporter du baryum sur 
la surface Emissive par une reaction chimique avec le m6tal et/ou alliage a haut point de fusion 
pendant le fonctionnement de la cathode. 

so 10. Tube a faisceau d'6lectrons muni d'une cathode suivant la revendication 1 ou 2. 
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